listed corporations evaluated the effectiveness of internal control following the passage of the Sarbanes-Oxley Act of 2002(SOX) at the expense of the unprecedented assessment cost. But the quality of internal control rests with effectiveness and efficiency of internal control. Hence this paper puts forward the DEA method to evaluate efficiency of the internal control in China State-owned Listed Corporations. The empirical research finds that the efficiency value of internal control based on DEA method is fine generally except the wasting in the pure technology efficiency (PTE) and scale efficiency (SE). In addition, the DEA-based evaluation result is inconsistent with the DIB index, which is one of the predominant internal control indexes in China. Since these two strategies cannot be compared directly, we compare them with auxiliary of Tobin Q by the similarity computation. The results indicate that the DEA index outperforms the DIB index from the perspective that the good internal control should improve the enterprises' value while the bad one would not.
I. INTRODUCTION
Listed companies were required to assess the quality of their internal control systems, which is always a high-profile issue to the investors and stakeholders given the financial fraud, especially for the State-Owned Enterprises (SOE). In the world top 500 corporations announced by the American Fortune magazine in 2015, there were 106 Chinese companies and the SOE accounted for 80%. However, the defect of internal control had brought about great damage to the SOE. For example, the large losses of China National Aviation Fuel can be attributed to the speculation on financial derivative instruments and the huge waste of state-owned assets is blamed on the high price merger and acquisition. Therefore, after the enactment of SOX(Sarbanes-Oxley) Act of American in 2002, China has also began to establish the Shi Qiu and Hongqu He are with the Bussiness School, Central South University, Changsha, Hunan, P. R. China (e-mail: 121601049@csu.edu.cn), Shi Qiu is also with the School of Economics and Management, Changsha University, Changsha, Hunan, P. R. China.
Hongwei Guo and Xi Huang are with the School of Economics and Management, Changsha University, Changsha, Hunan, P. R. China. standard system of internal control gradually, including the Basic Internal Control Norms of Enterprise in 2008 (BICNOE) and The Enterprise Internal Control Guidelines in 2010 (the Guidelines hereafter). In 2012, the Treasury and SASAC(State-owned Assets Supervision and Administration Commission) handed out the Notice on the accelerating the construction of internal control system. But the circumstance of failure in the internal control is very serious. In 2015, the National Audit Office of PRC audited 14 SOEs and found that there were 56 cases of violation of laws and disciplines and the false amount of revenue, profit and asset were 29.765billion, 19.357 billion and 4.291billion respectively. Hence the question on the implementation of the internal control institution of SOEs needs to be answered at first.
Therefore, this paper evaluates the internal control of SOEs based on DEA (Date Envelopment Analysis) method. In the evaluation, the proposed schema showed a better result than the DIB method, which is one of the predominant internal control indexes in China.
II. RELATED WORK
Most studies focused on the elements of internal control [1] - [3] or the extent of realization in the goal of internal control [4] - [6] to evaluate the quality of internal control. While the Xiamen University and Shenzhen DIB Company (the first company studying internal control in China) keep doing the research on the internal control index. However, the quality of internal control depends on the effectiveness and efficiency of internal control. The above mentioned researches mainly evaluated the effectiveness of internal control, and little work has been performed on the efficiency of internal control. Our research is motivated by the fact about the gradual increasing cost of assessing internal control. Lianhua L, et al. [7] provided the framework of theory and instruments of measuring and evaluating the efficiency of internal control. CHI Guohua, et al.. [8] also constructed a set of internal control quality evaluation index system and established the internal control index of listed corporations by integrating the 'elements', 'weakness' and 'targets' concepts of internal control. Nevertheless, there have been only a few attempts to evaluate the efficiency of internal control in theory, and no systematic attempts to the empirical research.
This paper is to study the efficiency of internal control of Hunan SOEs in 2013 using the DEA method by taking five elements of the internal control as the inputs and three targets of internal control as the outputs, and compare the result with the DIB index to discover the problems existed in the China SOEs, and make suggestions to improve the efficiency of internal control.
III. METHOD AND SAMPLE
This paper designs five-inputs and three-outputs when utilizing the DEA approach to evaluate the efficiency of internal control.
A. Input-indicators
According to the COSO internal control framework [9] , the internal control contains five elements of control environment (CE), risk assessment (RA), control activities (CA), information and communication (IOC) and monitoring (M). We use the DIB company information disclosure index database of internal control to reflect the inputs of the five elements. This index database has 5 first-level indexes based on the 5 elements of internal control, 30 second-level indexes and 87 third-level indexes. The CE's data range is 0 to 19, RA's data range is 0 to 11, CA's data range is 0 to 14, IOC's data range is 0 to 6 and the M's data range is 0 to 16. The higher the indexes are, the higher the cost of establishing the internal control will be. Therefore, the study chooses the above indexes as the input-indicators.
B. Output-indicators
On the basis of COSO internal control framework, internal control influenced by the enterprise's board of directors, managers and other people, is a process to provide sound assurance for realizing the goal of effectiveness and efficiency of operations, reliability of financial reporting and compliance with applicable laws and regulations. As a result, this work chooses following three output-indicators. The first indicator is Operation measured by the return on equity (net profit divided by net-asset) to reflect the effectiveness and efficiency of operations, based on the fact that the weight of return on equity (ROE) is the biggest weight and can show the operating ability best according to the enterprise comprehensive performance evaluation index and weight table of 'Implementing Rules for the Comprehensive Performance Evaluation of Central Enterprises' enacted by the SASAC [10] . Because the data of the DEA model should be all nonnegative, we normalize all the data by the following formula.
where Min (*) and Max (*) mean the minimum and maximum value in the ROE set. The second indicator is the report indicator reflecting the reliability of financial reports. Johnson et al. [11] have ever measured poor financial reporting quality by the absolute value of abnormal accruals. So, the study estimates the Reporting by the relative proportion of the absolute value of normal accruals to the sum of the absolute value of normal accruals and the absolute value of abnormal accruals [3] . The equation is as follow:
Then the abnormal accruals are estimated via using the Modified Jones Model [12] . In this model, normal accruals are calculated as a function of the change in revenue minus change in accounts receivable and the level of properties, plants and equipments. These variables control for changes in accruals that are driven by the changes in the firm's economic condition. Total assets at the beginning of the year adjust all the variables in the model. The abnormal accruals are calculated by the below equation.
where t = year2013, TA it = total accruals for firm i, A it-1 = total assets for firm i, REV it = change in net revenues for firm i, REC it = change in accounts receivable for firm i, PPE it = gross property plant and equipment for firm i, and e it = error term for firm i.
Total accruals are defined as income before extraordinary items minus operating cash flows. The error term of the regression model showed in equation (3.2) is the abnormal accruals (i.e., Abnormal Accruals). The normal accruals (i.e., Normal Accruals) are calculated as Total accruals subtract Abnormal Accruals. The third indicator is the compliance indicator reflecting the compliance with the applicable laws and regulations. O'Keefe et al. [13] found that the higher the audit fees paid by the company, the better the corporation abiding by the General Accepted Accounting Principles (GAAP).Thereby, we can measure the Compliance by the proportion of auditor's fees in total assets [4] .
C. Sample Data Sources
We choose 31 Hunan SOEs in 2013 as research, after removing 2 unusual data from the 33 Hunan SOEs. The above mentioned data can be collected from DIB information disclosure index database of internal control and CNINF's annual report, internal control evaluation report and internal control audit report, etc.
IV. EMPIRICAL ANALYSIS OF THE EFFICIENCY OF INTERNAL CONTROL

A. Descriptive Statistics
The Table I 
scores. These scores show the control environment of Hunan SOEs is weak in general, and the gap among the enterprises is wide. The best ones barely meet the requirement and the worst ones don't disclose any information of control environment. The total score of RA index is 11 points while the true mean value is 5.68 points and reaches the half of the maximum score. This shows Hunan SOEs have the basic ability of risk assessment, identify, analysis and response. The total score of CA index is 14 points, and the actual mean value is 8.91 points and just qualified. The minimum value is 0 which indicates there isn't any control activities in Hunan SOEs. The total score of IOC index is 6, minimum value is 0 and the mean value is 1.96, all of which suggest the Hunan SOEs are not qualified in the IOC. The total score of M is 16 and the mean value is 13.58, which show a good performance in the internal monitoring compared with the other four indexes. The listed companies' evaluation and auditing of the internal control are beneficial to monitoring the internal control.
The range of the three output-targets value is 0 to 1. The Operation target is ROE and its mean value is 2.83%. The ROE mean value of enterprises supervised by the SASAC is 5.5% in 2013. The Hunan SOEs' operations don't catch up with the national average. As to the Reporting target, the mean and minimum values are 53.63% and 4.37% respectively, which indicate that the overall reliability of financial reports of Hunan SOEs is relative high and individual firms should make great efforts to improve the reliability of financial reports. Finally, the mean value of Compliance target is only 0.03%, which shows that the extent of observing the laws and regulations of Hunan SOEs is very low.
In summary, through the analysis using DEA, we can get the result that the five input-elements of internal control in Hunan SOEs just reach the standard, but the three output elements are low qualified. The left question is how to evaluate the efficiency of internal control in the Hunan state-owned enterprises.
B. The Efficiency Analysis of Internal Control by DEA Model
At first, we analyze the efficiency of internal control of the 31 Hunan SOEs, and get the technology efficiency (TE), pure technology efficiency (PTE) and scale efficiency (SE). The results are showed in the Table II. Vol. 8, No. 6, December 2017 company is weak DEA-efficient (DEA Invalidity) when only the PTE or SE is 1 and is non DEA-efficient (DEA Invalidity) if the PET and SE are both not 1. From the table II, we find that there are 16 DEA Validity and 15 DEA Invalidity enterprises. This result indicates that half of the companies should optimize the efficiency of internal control. In addition, the mean value of the TE is 92.8%, showing that the efficiency of internal control waste almost 7%. The listed companies can improve the TE of internal control through improving the aspect of PTE and SE.
C. The Comparison between the DEA Index and the DIB Index
In order to analyze the performance of the two methods, we adopt the enterprise value to evaluate the effect of the two methods. Since internal control can optimize the capital structure and reduce the financial risk, thus it is expected to maximize the enterprise value by the good internal control [14] , [15] . In addition, many researchers examined the relation between corporate governance and firm value, and found the good internal control is beneficial to the better performance and higher firm value [16] , [17] .
To get the enterprise value data, the Tobin Q (stated by the James Tobin in 1969) has been used to measure the firm value by many researchers around the world [18] , [19] . Specifically, we calculate the Tobin Q of Hunan State-owned corporations via the following formula [20] .
where MVOS -the market value of the firm's outstanding shares;
MVNTS-the market value of the firm's non tradable shares;
BVL-the book value of the firm's liabilities; BVTA-the book value of the firm's total assets. Above values can be retrieved in www.cninfo.com.cn. Then, we can get the following information about the two evaluating methods and firm value (Table III) . The table is arranged by DIB index order. We compare the two methods on the premise that if the quality of internal control is good, the firm value should be high in most cases, and a bad internal control tends to decrease the firm value [14] , [15] .The similarity computation based on Loss Of Information (LOI) [21] , [22] , which is calculated by the following formula, is adopted in the comparison.
where R1= The set of firms classified by DIB index or DEA index R2= The set of firms classified by TOBIN Q To get the data of the R1 and R2, we divide all the firms into two sets, high qualified and low qualified, according to the follow procedures. First, we divide the above 31 firms into two groups by the rating of DIB index. The firms whose rating of DIB index is above the BB are high qualified set, the rest firms belong to the low qualified set. Secondly, we divide the firms into two sets by the DEA index. The firms are high qualified set if the DEA index of the firm is 1, otherwise the firms are low qualified set. Thirdly, we divide the firms into two sets by the value of Tobin Q. The firms are low qualified set if the Tobin Q of the firm is lesser than 1, otherwise the firms are high qualified set (Table IV). In table IV, each  number represents a corporation as shown in table III. We can calculate the similarity between DIB index and Tobin Q, and DEA index and Tobin Q respectively (Fig.1) . As depicted in the Fig. 1 , we find the similarity of high qualified set between the DEA index and Tobin Q (70%) is much greater than the one between the DIB index and Tobin Q (43%), and the similarity of low qualified set between the DEA index and Tobin Q (32%) is two times as mush as the one between the DIB index and Tobin Q (16%). Thus the DEA index outperforms the DIB index according to the aforementioned premise. It should be noted that the Tobin Q cannot be applied in evaluating the internal control directly because the high firm value does not necessarily mean a good internal control, and the low firm value does not necessarily mean a bad internal control for a corporation.
V. CONCLUSIONS
In conclude, the operating efficiency of internal control of Hunan state-owned listed companies is good in total, but many enterprises' pure technology efficiency (PTE) and scale efficiency (SE) are relative low. Accordingly, the enterprises ought to optimize the resource scale and configuration of internal control. At then, through comparing the similarity between DEA and the value of Tobin Q, we find that the classification based on DEA index is closer to the classification based on the Tobin Q than the one based on the DIB index. The main reason can be attributed to that the DIB version evaluates the outcomes of internal control execution, while DEA method evaluates the relative economical efficiency of internal control.
In conclusion, the enterprises should pay more attention to the DEA index of internal control, reducing the resource costs in the internal control while pursuing the target of internal control.
